From the viewpoint of prevention, syphilis, like other disease processes, has its origin before man himself is affected. Therefore, application of preventive measures need not await man's actual exposure to the causative agent. There are possibilities of intercepting the various related " causes " which lead to exposure, as well as of interrupting the process after it begins in man. The complete process, at least for preventive purposes, may be termed the " natural history of the disease ", which begins with the very first forces that initiate it in the environment or elsewhere, and continues through the resulting changes that take place-until equilibrium is reached, or defect, disability, or death ensues. There is a " period of pre-pathogenesis " before man's contact with the disease agent, and one of " pathogenesis " after man harbours the Treponema pallidum. Preventive measures may be applied throughout these two periods. The disease may be attacked from at least five preventive points during these two periods:
(a) health promotion; (b) specific protection; (c) early recognition and prompt treatment;
(d) disability limitation (e) rehabilitation.
These represent means of interception common to a majority of disease processes and may be utilized on a community or on an individual basis. They are not static or isolated phases in the natural history of the disease process but form more or less a continuum (Leavell and Clark, 1953) .
The relationships of these levels to the natural history of any disease are shown diagrammatically in Fig. 1 (overleaf) . The natural history as defined * Recdived for publication May 26, 1954. t Paper given before the Medical Society for the Study of Venereal Diseases, London, June 8, 1953 . Based on a concept introduced in " Textbook of Preventive Medicine " (1953) by H. R. Leavell and E. Gurney Clark. above is shown in the upper part of the diagram and the lower part shows the levels of prevention in relation to the various phases of the natural history. Throughout the natural history, agent, host, and environmental factors may be operating, and their interaction during pre-pathogenesis brings the specific agent into contact with man to initiate the process in man. After this comes the phase of increase in the agent, whether it be through multiplication, as in infectious disease, or through increments of agent, as in non-infectious disease (e.g. lead). This is followed by tissue changes, signs and symptoms, and finally by recovery, defect, disability, or death. Prevention must take into account all possible causative factors, from the first environmental forces which bring the host and agent together to those which later maintain this relationship. The multiple causes of disease are active long before the disease involves the subject. Precipitating and predisposing forces may be continuously operative in the occupational or living environment of man. Heredity, social and economic factors, or physical environment may be preparing the way long before pathogenesis is initiated. Malaria illustrates how the knowledge of pathogenesis alone is not sufficient for disease prevention. This disease process produces rather characteristic humoral and cellular changes and more or less typical signs and symptoms, yet complete knowledge of its course in man gives no clue to its prevention. The (Perkins, 1938 The present concept places health promotion and disease prevention into a framework based upon the natural history of disease. It is the first step in directing those interested in health to a common focus for their own specific contribution to man's health and welfare. Its foundations lie in the evaluation of health on a graded scale and in the concept that the decline from health to disease is a process involving the interaction of disease agents, man himself, and man's environment.
Syphilis
Syphilis provides an excellent illustration. Knowledge of the characteristics of the specific treponemal agent of syphilis and of the reactions to it of the human host has taught us much about this disease pattern that has aided its prevention and control. Yet, for its ultimate eradication or its reduction to minimal importance, certain environmental factors must be taken into account. Some causes of syphilis infection are in operation well before agent-host relationships (pathogenesis) begin. The groundwork of congenital syphilis may be laid before marriage through the infection of the potential mother or father. It may be affected by absence of pre-marital examination, inadequacy of examination and treatment, the attitude of the parents to pregnancy and pre-natal care, extramarital relationships, and lack of prophylaxis. Finally, the course of congenital syphilis may be related to the cost and availability of medical care at the time of delivery and in the succeeding few months.
The factors involved in acquiring and transmitting syphilis are complex. They have their origin in variations of human behaviour, sexual promiscuity, marital maladjustments, and in some of the inadequacies of our social and economic life; they are rooted in prudery, ignorance, and defeatism on the part of the public. Such attitudes present obstacles to the application of the usual methods of control utilized against other types of infectious disease. Fig. 2 shows in detail the natural history of acquired syphilis and the levels of application of preventive measures by the general scheme of Fig. 1 . The specific microorganism reaches the biologic orbit of man through the interaction of host and environmental factors during the pre-pathogenetic period. Whether or not man becomes infected depends on the biologic characteristics of the microorganism and the habits and defence mechanisms of man.
The period of pathogenesis, after infection has taken place, may be illustrated by a graph (Morgan, 1941; see Fig. 2 
NATURAL HISTORY AND PREVENTION OF S YPHILIS
These facts have a direct bearing on the behaviour of the organism in nature. In more primitive treponematosis (yaws, bejel, etc.) , the organism finds widespread favourable conditions for existence on the moist skin of persons living in tropical areas and is spread by close bodily contact as a nonvenereal disease. These propitious conditions are absent in less humid areas, and are also removed by the advance of civilization, and the use of clothing. In such circumstances, it is only on the mucous membranes about the genitalia and in the mouth that conditions are consistently found which permit the survival of T. pallidum for periods long enough for invasion. These biologic characteristics therefore determine the reservoir of infection, dictate the means of transmission, and materially affect the hostparasite interaction.
Host Factors.-In syphilis these are chiefly concerned with the habits and customs of man and the host-agent interaction (Fig. 2) . Man is the sole reservoir of syphilis infection. Infection can be transmitted artificially to certain animals but dies out spontaneously without transmission to others of the same species. Whether man as the reservoir of the disease transmits it to others depends on (a) the outcome of the complicated host-agent interaction and (b) the habits and customs of the host. In view of the fact that the viability of this microorganism depends upon moisture, the chance of exposure to it is dependent upon intimacy of contact, the sexual behaviour of the host, and the habits of the host in respect to prophylaxis.
Host-Agent Interaction.-When the infected moist secretion of the diseased host comes into relationship with a new host one of three things may happen:
(a) the organism may fail to gain access and lodgement; (b) it may gain access, lodge, multiply, and produce infection without early clinically discemible tissue reaction (symptomless infection); (c) it may gain access. lodge, multiply, and produce the characteristic discernible reactions of early syphilis.
After the treponeme has gained admission to and settled in the tissues, reproduction occurs at the inoculation site. Dissemination from the portal of entry by means of the lymph and blood streams occurs within several hours, with the result that local prophylaxis delayed longer than this time, even to the extent of excision of the inoculation site, will not prevent disease. It is apparent that syphilis is a generalized infection almost from the beginning, the organism being carried from the original site of entry to all tissues of the body by means of the blood stream as a passive carrier. Thus it is possible for the organism to be transmitted to another host by blood transfusion before there is any clinical or serologic evidence of infection in the infected donor. The bloodstream spread of the treponeme during this early incubation period probably lays the foundation for all the late manifestations.
After a variable incubation period ranging from 10 days to 10 weeks (average 3 weeks), the first manifest lesion of the disease appears. This is portrayed in Fig. 2 by the graph line reaching the clinical horizon. This is primary syphilis, and at the time of the appearance of the chancre the serologic test is usually negative. It is important to remember that, although in most instances infection is followed by visible tissue reaction at the inoculation site, and generalized tissue reactions usually follow the dissemination of the organism, either or both of these phenomena may fail to occur or may be so slight as to evade notice. Infection may thus progress without any demonstrable lesions. The precise mechanism operating to suppress the visible early reaction is not well understood; it may depend on a single factor or a combination of such factors as the size of the infective dose, the site of inoculation, the patient's age, the hormonal influence of sex or pregnancy, or the administration of penicillin during the incubation period either for prophylaxis or for the therapy of some other disorder.
The mild, superficial, non-destructive primary lesion enlarges and is usually followed by a painless swelling of the regional lymph nodes. Soon " reagin" and perhaps more specific antibodies are detectable in the blood, and the conventional serologic tests as well as treponemal immobilization tests become positive. Over the next 4 to 6 weeks or longer, even without specific treatment, the chancre begins to involute spontaneously, and the result of the earlier blood-stream dissemination and subsequent reproduction of the treponeme may become manifest in generalized lesions on the skin and mucosal surfaces-the secondary outbreak. During this secondary stage there may occur also a mild or moderate constitutional reaction characterized by malaise, general lymphadenopathy, or other manifestations of toxaemia. These and the clinical lesions persist for a variable length of time ranging from a few days to several months and in their turn disappear spontaneously, as is shown in Fig. 2 Environmental Factors.-For preventive purposes these may be defined as the aggregate of all the external conditions (physical, social, biologic, and cconomic) and influences affecting the life and development of an organism.
The influence of any one or any group of these factors cannot be measured with precision, but environment plays a major role in the initiation and perpetuation of syphilis. Some of the factors are analysed by Ennes (1948) . The effect of the physical environment (geography, weather, climate, etc.) has been shown by Hudson (1946) to have altered the manifestations of the disease to such an extent that lesions due to morphologically indistinguishable treponemes are given many different names: endemic syphilis, yaws, bejel, pinta, etc.
The social environment may be particularly conducive to the spread of infection. Low income, poor housing, and inadequate recreational opportunity all contribute to the perpetuation of syphilis. The success of organized community control depends on the extent and availability of public health and medical facilities, the adequacy of case finding and case holding, the " index of suspicion" of medical agencies, the availability of laboratory services, the extent of contact investigation, and the application of premarital and prenatal examination procedures.
